Objectives: Computed tomography (CT) has been widely used in the evaluation of children with suspected appendicitis, but concerns about ionizing radiation have increased interest in ultrasound for these patients. We sought to assess the effectiveness of an appendicitis electronic clinical decision support (E-CDS) system in increasing ultrasound and decreasing CT use in children evaluated in emergency departments (EDs) for suspected appendicitis.
A ppendicitis is a common cause of urgent surgery in children, with approximately 65,000 pediatric appendectomies performed annually in the United States. 1 Computed tomography (CT) scanning is commonly used in the diagnosis. However, because of concerns about the effects of ionizing radiation from CT scans in children, there has been a movement in pediatric practice toward increasing the use of ultrasonography in the evaluation of children with possible appendicitis. [2] [3] [4] There is some evidence that practice in this regard varies for children cared for in pediatric emergency departments (EDs) versus in general EDs. In a recent study that examined the care of pediatric patients with abdominal pain in a national sample of EDs, the CT scan rate was 39% compared with an ultrasound (US) rate of 11%; the CT scan rate increased every year during the 8-year study period. The substantial majority of the analyzed centers in that study were general EDs. 5 Conversely, a study of practice in children's hospitals showed a decrease in the overall usage of CT scans during a similar period (2003) (2004) (2005) (2006) (2007) . 6 A number of recent studies have assessed the effectiveness of paper-based clinical practice guidelines (CPGs) implemented in pediatric EDs to optimize the diagnosis of pediatric appendicitis, including emphasizing US use when appropriate. [7] [8] [9] These have generally been based on adaptations of previously validated scoring systems, such as the low-risk appendicitis rule, 10 ,11 the modified Alvarado score, 12 and the Pediatric Appendicitis Score. 13 Despite the known effectiveness of CPGs, real-world implementation studies are lacking. Furthermore, a number of prior studies have highlighted clinician knowledge of clinical guidelines as the key barrier to successful, long-term acceptance. [14] [15] [16] This has led to recommendations to encourage the use of technological adjuncts such as electronic alerts or messages as a means to increase clinician awareness of evidence-based guidelines. 15, 16 Clinician acceptance of guidelines is of particular consideration for hospital systems in which providers of varying training backgrounds care for children in EDs. A number of studies have shown variability in practice between providers with training in general emergency medicine and those with specific pediatric training, with pediatric-trained providers tending to show greater adherence to pediatric guidelines [17] [18] [19] and decreased resource use, particularly in diagnostic testing. [20] [21] [22] [23] Yet, only 20% of EDs in the United States have around-the-clock access to board-certified pediatric emergency physicians, and 71% of ED visits by children take place in hospitals that do not have dedicated pediatric facilities. 24 Thus, optimization of pediatric care given by general emergency medicine-trained providers in nonpediatric settings is an important target in the improvement of pediatric emergency care. To address these issues, we sought to assess the utility of an electronic health record (EHR)-based clinical decision support system (E-CDS) to optimize the care of children with acute abdominal pain in a general ED in a community hospital.
METHODS

Study Design
This study was a preintervention and postintervention analysis of the use of an EHR-based clinical decision support order set to improve the care of pediatric ED patients with suspected appendicitis. The study was approved by the relevant institutional review board prior to initiation of data collection.
Development of the E-CDS Intervention
A CPG for the evaluation of children with suspected appendicitis was developed by a multidisciplinary group of pediatric emergency medicine physicians, radiologists, and surgeons from the children's hospital. Clinical content was based on the low-risk appendicitis rule 10 and the Pediatric Appendicitis Score. 13 The availability of US and surgical consultation did not change during the study period.
In order to provide real-time, point-of-care access to management recommendations, the guideline content was built into a decision support order set, the E-CDS. It was designed to facilitate the ordering of laboratory studies, medications, and radiographic studies commonly used for children with suspected appendicitis. The intent was that it would be accessed by clinicians at the time of their initial order placement for these patients. It consisted of 3 steps: step 1 included common orders for the initial evaluation; step 2 guided secondary consideration of imaging after laboratory information, particularly absolute neutrophil count, was available; and step 3 contained additional orders based on the results of the workup. The E-CDS also contained a link to a Web site providing calculators and references for the 2 appendicitis scores. The layout and content of the E-CDS are shown in Figure 1 .
The E-CDS was launched in the EHR throughout the hospital system on March 1, 2012. Providers were introduced to the order set in formal (grand rounds) and informal training sessions conducted by study investigators.
Patient Selection and Setting
Preintervention and postintervention cases were identified retrospectively by searching the electronic medical record for the keywords "abdominal pain" and "appendicitis" (including "rule out" or "possible" appendicitis), and by the International Classification of Diseases, Ninth Revision code for appendicitis (540.0). We selected a 3-month period prior to implementation of the E-CDS to determine our baseline rate of imaging and a 6-month period after intervention to measure the effect of the E-CDS. Patients were included if they were between 3 and 18 years old and had a chief complaint of abdominal pain for less than 96 hours. To avoid complicating the analysis by including patients who may have had other indications for imaging, we excluded patients who had relevant chronic medical conditions such as metabolic disease, active cancer, current pregnancy, previous abdominal surgery, or history of abdominal trauma in the past 7 days.
The impact of the E-CDS was assessed at 2 different hospitals within our larger care system. The first site was an urban, tertiary-care children's hospital with 11,000 pediatric ED visits per year; the second was a suburban community hospital with approximately 53,000 ED visits per year, including 12,000 children.
Outcomes
The primary outcomes for the study were the rate of US and CT usage in included patients at each site. Secondary outcomes selected to assess safety and capture missed diagnoses included appendectomy rate, rate of perforated appendicitis, rate of negative appendectomy, and rate of re-hospitalization (in the same hospital system) in the 4 weeks following discharge. Usage of the E-CDS and adherence to its clinical guidance were not separately tracked.
Data Collection
Research assistants trained by study investigators gathered data through review of standard EHR documentation. Data elements collected included presenting symptoms, physical examination findings, laboratory results, imaging results, operative and pathology findings for patients who had operations, final diagnosis, disposition, and return to care in the 4 weeks following discharge. Operative reports and pathology reports were reviewed to determine the presence of appendicitis and perforation; a listing of key words and phrases to standardize interpretation of these reports was provided. In cases where the operative and pathology reports gave inconsistent results, physician investigators reviewed the records to make a final determination. "Negative appendectomy" was defined as a pathology result showing no signs of appendicitis in a patient who had an appendectomy.
Data Analysis
The demographic characteristics of patients before intervention and after intervention were compared at both hospitals. In particular, a 2-sample t test with unequal variance investigated differences in continuous variables, whereas Fisher exact test was used for categorical variables. As the patient gender mix was noted to be significantly different before versus after intervention and gender is a potential confounder of US and CT scan usage, a logistic regression model was used to adjust for gender. All analyses were done in SAS version 9.3 (SAS Institute, Cary, NC).
RESULTS
A total of 511 patient records were screened for inclusion in the study over the 9-month study period, yielding 327 eligible cases for analysis. Reasons for exclusion and overall case flow are outlined in Figure 2 . Included patients had mean ages of 12.3 (SD, 3.7) years in the preintervention group and 12.5 (SD, 3.9) years in the postintervention group; 55% in the preintervention group and 36% in the postintervention group were male (P = 0.002). Further information on clinical characteristics is presented in Table 1 . Twenty percent were cared for in the children's hospital and 80% in the community hospital. Presenting characteristics were generally similar among groups, although there were some significant differences in presenting symptoms and laboratory results between the community hospital preintervention and postintervention groups. These differences favored less severe symptoms in the postintervention group.
Primary Outcomes
Findings describing the use of US and CT scanning in included patients preintervention and postintervention are presented in Table 2 . In the subset of patients with any imaging performed in the community ED, we report a significant increase in the use of US (36%-51%, P = 0.049) and decrease in the use of CT (81%-66%, P = 0.044) and a near-significant increase in the use of US (26%-38%, P = 0.055) among all patients. A small number of patients in both time periods had both US and CT performed, with no change after intervention. At the children's hospital, US use was already high relative to CT in the preintervention period; no change in usage was detected with introduction of the E-CDS.
Because of the unexpected gender imbalance between the preintervention and postintervention groups and the anticipated relationship between US or CT usage and gender, a secondary analysis was conducted that adjusted for the potential confounding effects of gender (Table 3 ). This adjustment slightly attenuated the effect of the E-CDS, leading to marginally nonsignificant differences (P = 0.097 for US and P = 0.062 for CT). It is important to note that the study was not powered to assess an adjusted effect of E-CDS as gender was not expected to vary between the preintervention and postintervention groups.
Safety Measures
Our measures for safety showed no statistical difference in the perforation rate, missed appendicitis rate, negative appendectomy rate, or 4-week rehospitalization rate over the study period; these outcomes and overall rates of appendectomy and appendicitis are presented in Table 4 . Missed appendicitis rate was low in all cases, and negative appendectomy rate was very low, with only 1 negative appendectomy performed. This was during the postintervention period at the community hospital, in a patient who had a CT scan. The CT scan was read as "cannot rule out early appendicitis"; operative and pathologic findings revealed a normal appendix and an ovarian cyst.
DISCUSSION
This study demonstrates that the implementation of an EHRbased clinical decision support order set was associated with an increase in the use of US and decrease in the use of CT in the evaluation of suspected appendicitis in children. These changes were seen without a negative impact on clinical care; we found no increase in the rate of missed appendicitis or negative appendectomy. Moreover, our findings demonstrate that clinical decision support can be used to influence pediatric practice within a general, community ED.
There was significant preintervention variation in practice between the children's and community hospital EDs, with much greater use of US rather than CT at the children's hospital. Although there was no formal guideline in place at the pediatric hospital prior to implementation of the E-CDS, it is possible that the very high rate of US rather than CT reflects early adoption of the ideas underlying the intervention through informal interactions between providers. Differences between the 2 settings diminished but were not erased as we implemented the E-CDS intervention.
Given that a high proportion (89% in 1 study) 25 of pediatric ED visits take place outside dedicated pediatric EDs, optimizing the care given in general EDs is critical to limiting unnecessary radiation exposure in children. Many hospitals participate in networks that include children's hospitals; leveraging the capabilities of shared EHR systems may be an effective means of disseminating pediatric best practices throughout the system. Several recent studies have evaluated the use of CPGs to optimize care in children with suspected appendicitis. Fleischman et al 7 evaluated the test characteristics of a pathway using a combination of high-and low-risk indicators from 2 prior scoring systems. They found a decrease in CT use (from 12.7% to 6.9%, P = 0.02) but no significant change in US use. The pathway was implemented in a pediatric ED in a prospective manner, with research assistants approaching providers in real time to prompt them to follow the pathway. Saucier et al 9 found good sensitivity and specificity of a clinical pathway based on the Pediatric Appendicitis Score with the specific intention of using US as the primary imaging modality. This approach yielded 94% overall diagnostic accuracy, with CT scan obtained in 6.6% of patients. That study, too, was conducted in a children's hospital ED. However, it was implemented through a combination of print (posted in the providers' workspace) and electronic (score calculation built into the EHR) means. A third recent study, by Santillanes et al, 8 again showed good clinical accuracy from a novel clinical pathway based on previously published risk-stratification systems, with a focus on US as the initial imaging study. It was implemented prospectively, via posters and e-mail reminders, in a pediatric ED. In all 3 of these investigations, providers were aware at the time of patient evaluation that the patient was being enrolled in a study of a new appendicitis pathway.
Unlike these prior studies, we implemented our E-CDS entirely through the EHR system, without the use of research assistants or ongoing education, and we did not separately track usage of the E-CDS. We believe that the nature of our investigation more accurately captures provider behavior in circumstances where clinicians are not immediately aware that their management decisions are being observed to assess protocol adherence. Furthermore, in our opinion, this approach provides a more real-world view of use of the guideline outside the intense focus of active prospective data collection. Finally, this study includes the novel feature of implementation in a community hospital ED of content developed by a team at an affiliated children's hospital. The content for our E-CDS was developed by the pediatric emergency physicians, radiologists, and surgeons based at the children's hospital, and it was our hope that the agreed-upon best practices would see acceptance by our general ED colleagues. Intense efforts to optimize pediatric emergency care are common in pediatric EDs, but in general and community EDs, pediatric care must compete for attention, with a wide variety of concerns more common in adult patients. The intervention we report was relatively simple, with an announced rollout of a new customized order set with embedded decision support, but without significant ongoing reminders or surveillance of use. The finding of significant behavior change in a community hospital ED after provision of this relatively modest guidance from the pediatric ED in the same hospital system may indicate significant opportunities for pediatric EDs to work with their general ED colleagues to optimize pediatric care in other clinical settings as well.
Limitations
This study has several potential limitations. Its retrospective design required reliance on standard EHR documentation to identify patients and determine the care given. This may have led to missed eligible patients or to incomplete information about clinical circumstances. Furthermore, review of records from only a single hospital system may have led to understatement of the missed appendicitis rate if patients were later diagnosed with appendicitis at a different hospital.
In addition, the unexpected finding of significant differences in gender mix and in reported presenting symptoms and signs between the preintervention and postintervention groups complicates the results, despite identical methods of patient selection in the 2 time periods. In particular, there were significant decreases in the proportion of patients reported to have maximal pain in the right lower quadrant (RLQ) and a history of migration of pain. Given that the E-CDS prompted consideration of maximal RLQ pain and migration, if this change were due to the E-CDS it would have seemed more likely that such documentation would have increased in the postimplementation period. It is unclear why such documentation would have been significantly different after intervention. The severity differences were significant only at the community hospital, with decreased severity in the postintervention period. There is no reason to suspect that this difference would have led to increased use of US and decrease in CT. The increased proportion of female patients in the postintervention group is more problematic, as improved imaging of pelvic structures may lead to a preference for US in female patients. We attempted to assess the impact of this difference by conduction of an additional logistic regression analysis controlling for gender; this adjustment would be expected to account for confounding by gender. However, as this study was not powered to account for variance inflation due to covariate adjustment, the significant findings became slightly attenuated and marginally nonsignificant upon adjustment for gender. Given the preservation of the direction of the effect and the near-significant P values (P = 0.062 for the decrease in CT use at the community hospital), we believe that future studies that anticipate and account for the inflated variance caused by covariate adjustments 26 would help confirm the results of this investigation.
The implementation of the intervention in a single health system may limit its generalizability to other centers. However, we believe that our findings would be applicable to many health care systems. Last, as we did not separately track E-CDS usage, it is possible that the differences found are due to the education that accompanied its launch or to a preexisting trend in imaging use. This may mean that changes in imaging rates are only partially due to the intervention. The preintervention period did not contain enough data points to allow for statistical comparison of the preintervention and postintervention trends.
CONCLUSIONS
Use of an EHR-based clinical decision support order set developed and implemented from a children's hospital is associated with a decreased use of CT and increased use of US in pediatric patients with suspected appendicitis seen in an associated community hospital, although this study was not large enough to rule out the presence of a gender effect on imaging. The use of such order sets and clinical algorithms may be an effective means to disseminate pediatric best practices from a children's hospital to a community ED in the same system. 
